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PLATE 118 
In  1954, Rhodin  (1)  reported  doubling ~)f the  individual  walls  of the cristae  of 
mitochondria in cells of the proximal convoluted tubule  of the mouse kidney. The 
size of these structures was such that their visualization constituted a special problem 
in high resolution electron microscopy. During an electron microscopic investigation of 
normal human leukocytes it was found that white blood cells were amenable to the 
study of mitochondria (2). Therefore it seemed expedient to attempt to demonstrate 
this exceedingly fine structure in human leukocyte mitochondria. 
A resolution of 10 A on metallic specimens and 13 A on thin-sectioned biological material 
has been attained with the RCA EML-1B electron microscope used for this investigation. 
The illustration of structures visualized at this level of resolution becomes primarily a problem 
in photographic technique centering chiefly about grain. Nevertheless, it has been possible to 
visualize  these  structures  on  Kodak  lantern  slide plates  (photographic  resolution  of 80 
lines/mm.)  and  Kodak  fine grain  positive  safety  film (photographic  resolution  of 
100 lines/mm.). 
The cristae and the somewhat thinner outer mitochondrial membranes both 
consist  of  double  membrane  systems (Text-fig.  1A  and  Figs.  1-3),  the  in- 
dividual denser components of which have been resolved into three strata: two 
outer electron-dense lines enclosing an electron-lucid core (Text-fig. 1B),  indi- 
cated by arrows in Figs. 1-3. 
The visualization of these finer layers is only occasionally possible even with 
high  resolution  microscopy, since  the  cristae  must  pass  through  the  section 
+  5 °  normal  to its  plane  providing  the  section  is  not  thicker  than ~0~. 
Rhodin's  measurements  (1)  indicate  each  component  of  the  complex  to  be 
about 15 A  thick, making a  single crista wall about 45 A  thick. Our measure- 
ments of numerous mitochondria coincide reasonably well with his figures. We 
have found the thickness  of the electron-dense  outer layers to be 15  to 17 A 
and the electron-lucid core 20 to 23 A, with a total thickness for the single wall 
of a  crista of about 50 to 60 A  (Text-fig.  1B). 
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'I~xT-FIo. 1.  Diagrammatic representation of a mitochondrion.  A, entire mitochondrion; 
B, enlargement of circled area in A. 
As better resolution is attained with adequately thin sections, the visualiza- 
tion of ultrastructure  of this  double membrane  system becomes  increasingly 
frequent.  Although  this  paper is limited to  the  membrane  systems of mito- 
chondria it may be mentioned  that  similar laminar structure  can be demon- 
strated  in  the  Golgi  apparatus,  each  component  of  the  double  nuclear 
membrane, the  plasma membrane,  and  the endoplasmic reticulum.  It  seems 
reasonable to  speculate that  these  strata  or  laminar  structures  constitute  a 
basic plan of organization of many protoplasmic membranes. 
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EXPLANATION OF PLATE  118 
FIG. 1. Mitochondrion of normal human blood leukocyte. Arrows indicate laminar 
structure within walls of cristae. ×  240,000. 
FIG. 2. Mitochondrion of normal human blood leukocyte. Lamination within walls 
of cristae and inner mitochondrial membrane is visible. ×  240,000. 
FIG. 3.  Mitochondrion of normal human  blood leukocyte. Arrows indicate three 
distinct strata within walls of cristae.  ×  230,000. THE  JOURNAL  OF 
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